an unexpected function for the endocytic protein endophilin in autophagosome formation at synapses: preventing neurodegeneration and ataxia.
, in this issue of Neuron, and Murdoch et al. (2016) , in Cell Reports, reveal an unexpected function for the endocytic protein endophilin in autophagosome formation at synapses: preventing neurodegeneration and ataxia.
Neurons and the synapses formed between them have to cope with special challenges owed to their high metabolic activity and the reuse of proteins and organelles over extended periods of time. Autophagy (also termed macroautophagy), a process that allows the sequestration and turnover of defective organelles or protein aggregates via a double membrane system, has long been thought to be crucial for the maintenance of synaptic function and for preventing neurodegeneration. How autophagy at neuronal synapses is initiated is poorly understood. Two papers (Murdoch et al., 2016; Soukup et al., 2016) now show that the synapse-enriched endocytic adaptor protein endophilin-A is critical for the formation of autophagosomes and for balancing neuronal protein homeostasis via an endocytosisindependent mechanism controlled by the Parkinson-related protein kinase LRRK2.
Synapse structure, function, and plasticity are regulated by altering the abundance of synaptic proteins in a spatially confined manner via local translation as well as turnover of synaptic components. As synapses are often located far away from the soma, where most protein synthesis and turnover occur, they have evolved synapse-specific mechanisms that allow them to control their protein content (Cajigas et al., 2010) . Among the synaptic pathways that mediate local protein turnover are the ubiquitin proteasome system (Cajigas et al., 2010) ; endosomal microautophagy (Uytterhoeven et al., 2015) , a pathway that targets cytosolic proteins for turnover in late endosomes, and (macro)autophagy, which is initiated in axons (Maday and Holzbaur, 2014) and is thought to counteract neurodegeneration (Rubinsztein et al., 2012) . Autophagy is an evolutionary conserved cellular process that serves to provide nutrients during starvation and to eliminate defective proteins and organelles via lysosomal degradation. During autophagy, portions of the cytoplasm are sequestered within double-membraned or multi-membraned vesicles termed autophagosomes. These undergo subsequent maturation steps before being delivered to lysosomes. Autophagosome formation is initiated by early-acting proteins such as the autophagy-related gene (ATG) 1/ ULK1 kinase complex and ATG3, an enzyme required for lipid-conjugation of microtubule-associated protein 1 light chain 3 (LC3, termed ATG8 in invertebrates and yeast), a central component of autophagosomes. Accumulation of autophagosomes is a hallmark of neurodegenerative disorders, and knockout (KO) of key ATG proteins in animal models causes neurodegeneration (Rubinsztein et al., 2012) .
Although the coordinated recruitment of ATG proteins during autophagosome formation is comparably well understood, it remains unknown how autophagosome formation at synapses is initiated and locally controlled. Soukup et al. (2016) tackled this problem by tracing autophagosome formation at the fly larval neuromuscular junction (NMJ) in vivo. They demonstrated that autophagosome formation is induced not only by starvation but also by neuronal activity. Using correlative light and electron microscopy, they further showed that LC3-positive autophagosomes indeed reside within synaptic boutons. So, how is their formation coupled to neuronal activity? One candidate they followed in depth was the protein endophilin-A, a protein previously characterized for its role in endocytosis at synapses and in non-neuronal cells (Kjaerulff et al., 2011) .
Endophilin-A is encoded by a single gene in D. melanogaster, while three isoforms (A1-A3) exist in mammals. Endophilin-A harbors a membrane-deforming bin-amphiphysin-rvs (BAR) domain thought to be the main business end of the molecule and a carboxy-terminal src homology 3 (SH3) domain, through which it associates with and recruits other endocytic factors such as synaptojanin and dynamin (Figure 1 ). Loss of endophilin-A in various models has been shown to result in severe endocytic defects and impaired neurotransmission (Milosevic et al., 2011; Verstreken et al., 2002) . Interestingly, endophilin-A is reversibly phosphorylated by the kinase LRRK2, encoded by a gene frequently mutated in familial cases of Parkinson's disease (PD), thereby regulating endophilin's membrane remodeling and endocytic activities (Matta et al., 2012) . As LRRK2 has been associated with autophagic turnover of mitochondria and neurodegeneration, Soukup et al. (2016) reasoned that endophilin-A might have another secret life as a component of synaptic autophagosome formation. Consistent with this hypothesis, they found endophilin-A to be present on preautophagosomal membranes. Moreover, loss of endophilin-A due either to genetic or to acute light-induced inactivation, interfered with stimulation-induced autophagosome formation. Further in vitro studies using giant liposomes revealed that endophilin-A phosphorylation at S75 by LRRK2 alters endophilin's membrane-deforming activity to result in 
